This paper describes efficient synthetic approaches for isolating biologically interesting natural pyranochalcones and their unnatural derivatives from Mallotus Philippensis. The key strategies involve ethylenediamine diacetate-catalyzed benzopyran formation reactions and base-catalyzed aldol reactions.
Introduction
Mallotus philippensis is widely distributed throughout tropical Asia, Australia, and the Philippines. 1 Extracts from the fruits and bark of the plant have been shown to possess antioxidant, 2 antiulcer, 2 anti-tumor, 3 cytotoxic, 4 and antiallergic 5 activities. Kamara, a red powder consisting of the glandular hairs from this plant, has been used in traditional medicines as an anthelmintic and cathartic.
6 From this plant, mallotophilippens C (1), D (2), F (3) and 8-cinnamoyl-5,7-dihydroxy-2,2,6-trimethylchromene (4), called the red compound, with chalcone moieties were isolated ( Figure 1 ).
1,7
Mallotophilippens C (1) and D (2) have been shown to potently inhibit the production of nitric oxide (NO) induced by interferon-γ (IFN-γ) and LPS activated RAW 264.7 cells.
1
They also strongly inhibited inducible nitric oxide synthesis (iNOS), cyclooxygenase-2 (COX-2), interleukin-6 (IL-6), and interleukin-1β (IL-1β) mRNA expression.
1 These effects are expected to be used as lead compounds for the development of new drugs to treat rheumatoid arthritis, which involves excessive NO production. Mallotophilippen F (3) and red compound (4) have shown to possess anti-tuberculosis activity against the H37Rv strain of Mycobacterium tuberculosis at 16 µg/mL and 64 µg/mL, respectively. Recently, we have reported the concise total synthesis of mallotophilippen C (1) starting from commercially available 2,4,6-trihydroxyacetophenone (12). 8 However, the synthesis of mallotophilippens D (2) and F (3), red compound (4), and their unnatural derivatives 5-11 has not been reported. As an expansion and ongoing study of our previous work, we report herein an efficient synthesis of mallotophilippens D (2) and F (3), red compound (4), and their unnatural derivatives 5-11.
Results and Discussion
The synthesis of mallotophilippens D (2), F (3), and their derivatives 5-7 was carried out as shown in Scheme 1. The compound 13 was synthesized starting from 2,4,6-trihydroxyacetophenone (12) in 2 steps according to the procedure reported by our group.
8 Treatment of 13 with 1.1 equiv. of methoxymethyl chloride (MOMCl) in the presence of N,Ndiisopropylethylamine gave product 14 in 98% yield. The selective methoxymethylation of compound 13 was confirmed by analysis of the 1 H NMR spectrum. The signal for the proton of one hydroxyl group in the benzopyran ring of compound 14 was observed as a singlet associated with a hydrogen bond to a carbonyl group at δ = 13.72 ppm, and a methoxy signal of MOM ether was observed as a singlet at δ = 3.51 ppm. To give chalcone moieties, aldol reactions were attempted. Condensation of compound 14 with aryl aldehyde 15 protected with two SEM groups in an ethanolic KOH solution at room temperature for 48 h afforded 20 in 77% yield, whereas that with benzaldehyde (16) at room temperature for 48 h provided 21 in 85% yield. Similarly, reactions with aryl aldehydes 17-19 gave 22-24 in 81, 90, and 79% yield, respectively. Deprotection of 20 and 21 by treatment with concentrated HCl (10 drops) in methanol at room temperature for 5 h gave the expected natural products, mallotophilippens D (2) and F (3), in 65 and 71% yield, respectively. The spectral data for the synthetic materials 2 and 3 were in agreement with those reported in the literature. 1, 7 Similarly, treatment of 22-24 with concentrated HCl (10 drops) in methanol at room temperature for 5 h gave the unnatural products 5-7 in 61, 76 and 58% yield, respectively. Scheme 2 shows retrosynthetic approaches for synthesizing the natural red compound (4) and its unnatural derivatives 8-11. Red compound (4) and its derivatives 8-11 could be prepared by base-catalyzed aldol reactions of 28 to the corresponding aryl aldehydes. The key intermediate 28 could be also generated from 26 through selective MOM ether protection. The benzopyran 26 could be derived from commercially available 2,4,6-trihydroxyacetophenone (12) by C-methylation followed by benzopyran formation reaction.
The total synthesis of red compound (4) and its derivatives 8-11 were attempted starting from 2,4,6-trihydroxyacetophenone (12) as shown in Scheme 3. Previous studies reported that C-prenylation can be achieved with prenyl bromide in the presence of either potassium hydroxide 9 or potassium carbonate.
10 Under these conditions, the desired product 25 was obtained in 45% yield. Treatment of 25 with 3-methyl-2-butenal in the presence of 20 mol % of ethylenediamine diacetate in refluxing xylene for 4 h provided the products 26 and 27 in 75 and 15% yield, respectively. In this reaction, the regioselectivity of the cyclization may result from the presence of a bulky methyl group on the benzene ring of 25. This similar regioselectivity was observed by Li's group in the case of cyclization of a polyhydroxychalcone to give flavones.
11 These two compounds were readily separated by column chromatography and assigned by spectral analysis. Protection of compound 26 with 1.1 equiv. of MOMCl provided 28 in 98% yield. Condensation of 28 with benzaldehyde in ethanolic KOH solution at room temperature for 48 h gave 29 in 85% yield. Similarly, reaction of 28 with the corresponding aryl aldehydes provided chalcones 30-33 in 95, 87, 90, and 98% yield, respectively. Deprotection of 29 with 3 M HCl in refluxing methanol for 0.5 h afforded 4 in 95% yield. The spectroscopic data for synthetic material 4 were in agreement with that reported in the literature. Similarly, treatment of 30-33 with 3 M HCl gave chalcones 8-11 in 95, 90, 88, and 97% yield, respectively.
In conclusion, we have described a concise synthetic route for producing biologically interesting natural products, mallotophilippens D and F, and red compound with a pyranochalcone moiety starting from 2,4,6-trihydroxyacetophenone. The key strategies involve benzopyran formation by ethylenediamine diacetate-catalyzed reactions and basecatalyzed aldol reactions. 
Experimental Section
All the experiments were carried out in a nitrogen atmosphere. Merck precoated silica gel plates (Art. 5554) with a fluorescent indicator were used for analytical TLC. Flash column chromatography was performed using silica gel 9385 (Merck). The 
H NMR and

13
C NMR spectra were recorded on a Bruker Model ARX (300 and 75 MHz, respectively) spectrometer in CDCl 3 using δ = 77.0 ppm as the solvent. The IR spectra were recorded on a Jasco FTIR 5300 spectrophotometer. The HRMS were carried out at the Korea Basic Science Institute.
Compound 14. Methoxymethyl chloride (0.121 g, 1.50 mmol) was added to a solution of 13 (0.505 g, 1.36 mmol) and diisopropylethylamine (0.879 g, 6.80 mmol) in dry CH 2 Cl 2 (10 mL). The reaction mixture was stirred at room temperature for 10 h and then water (20 mL) was added. The reaction mixture was extracted with CH 2 Cl 2 (3 × 30 mL). The combined organic extracts were washed with saturated NH 4 Cl solution (20 mL) and evaporated in vacuo. Flash chromatography on silica gel using hexane/EtOAc Compound 20. To a solution of 14 (0.150 g, 0.36 mmol) in ethanol (4 mL) was added KOH (0.102 g, 1.81 mmol) and aldehyde 15 (0.173 g, 0.43 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1 N HCl (2 mL), extraction with EtOAc (3 × 15 mL), washing with brine (15 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (20:1) gave 20 (0.220 g, 77%) as a yellow oil; Compound 21. To a solution of 14 (0.300 g, 0.72 mmol) in ethanol (8 mL) was added KOH (0.203 g, 3.62 mmol) and aldehyde 16 (0.084 g, 0.80 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (4 mL), extraction with EtOAc (3 × 50 mL), washing with brine (30 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (20:1) gave 21 (0.308 g, 85%) as a yellow oil; Compound 22. To a solution of 14 (0.150 g, 0.36 mmol) in ethanol (4 mL) was added KOH (0.102 g, 1.81 mmol) and aldehyde 17 (0.123 g, 0.43 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (2 mL), extraction with EtOAc (3 × 15 mL), washing with brine (15 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (20:1) gave 22 (0.200 g, 81%) as a yellow oil; . Compound 23. To a solution of 14 (0.150 g, 0.36 mmol) in ethanol (4 mL) was added KOH (0.102 g, 1.81 mmol) and aldehyde 18 (0.072 g, 0.43 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (2 mL), extraction with EtOAc (3 × 15 mL), washing with brine (15 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (20:1) gave 23 (0.184 g, 90%) as a yellow oil; To a solution of 14 (0.150 g, 0.36 mmol) in ethanol (4 mL) was added KOH (0.102 g, 1.81 mmol) and aldehyde 19 (0.065 g, 0.43 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (2 mL), extraction with EtOAc (3 × 15 mL), washing with brine (15 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (20:1) gave 24 (0.156 g, 79%) as a yellow oil; Compound 5. To a solution of 22 (0.150 g, 0.30 mmol) in ethanol (8 mL) was added concentrated HCl (5 drops) and the reaction mixture was stirred at room temperature for 1 h. The reaction mixture was diluted with saturated NaHCO 3 solution (30 mL) and extracted with EtOAc (3 × 30 mL).
Removal of solvent and purification by column chromatography on silica gel using hexane/EtOAc (10:1) gave 5 (0.068 g, 61%) as a yellow oil; . Compound 7. To a solution of 24 (0.150 g, 0.27 mmol) in ethanol (8 mL) was added concentrated HCl (5 drops) and the reaction mixture was stirred at room temperature for 1 h. The reaction mixture was diluted with saturated NaHCO 3 solution (30 mL) and extracted with EtOAc (3 × 30 mL). Removal of solvent and purification by column chromatography on silica gel using hexane/EtOAc (10:1) gave 7 (0.080 g, 58%) as a yellow oil; (20 mL). The reaction mixture was stirred at room temperature for 10 h and then water (15 mL) was added. The reaction mixture was extracted with CH 2 Cl 2 (3 × 30 mL). The combined organic extracts were washed with saturated NH 4 Cl solution (20 mL) and evaporated in vacuo. Flash chromatography on silica gel using hexane/EtOAc (20:1) afforded 28 (0.460 g, 98%) as a yellow oil; CDCl 3 ) δ 193.7,  164.0, 158.3, 153.9, 142.5, 135.4, 130.2, 129.0, 128.3,  127.5, 126.0, 117.8, 111.4, 108.7, 107.0, 99.8, 77 .5, 57.9, 27.7, 8.9; IR (KBr) 2909, 2940, 1634, 1594, 1552, 1451,  1414, 1388, 1338, 1285, 1214, 1150, 1120, 1095, 1059 Compound 30. To a solution of 28 (0.100 g, 0.34 mmol) in ethanol (2 mL) was added KOH (0.096 g, 1.71 mmol) and p-tolualdehyde (0.049 g, 0.41 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (2 mL), extraction with EtOAc (3 × 20 mL), washing with brine (20 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (10: Compound 32. To a solution of 28 (0.100 g, 0.34 mmol) in ethanol (2 mL) was added KOH (0.096 g, 1.71 mmol) and p-anisaldehyde (0.056 g, 0.41 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (2 mL), extraction with EtOAc (3 × 20 mL), washing with brine (20 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (10: Compound 33. To a solution of 28 (0.100 g, 0.34 mmol) in ethanol (2 mL) was added KOH (0.096 g, 1.71 mmol) and aldehyde 18 (0.068 g, 0.41 mmol). The reaction mixture was stirred at room temperature for 48 h. Evaporation of ethanol, addition of water (10 mL) and 1N HCl (2 mL), extraction with EtOAc (3 × 20 mL), washing with brine (20 mL), and removal of the solvent followed by flash column chromatography on silica gel using hexane/EtOAc (10:1) gave 33 Red Compound (4) . To a solution of 29 (0.100 g, 0.26 mmol) in methanol (8 mL) was added 3M HCl (2 ml) and the reaction mixture was refluxed for 0.5 h. The reaction mixture was diluted with saturated NaHCO 3 solution (12 mL) and extracted with EtOAc (3 × 30 mL). Removal of solvent at reduced pressure left an oily residue, which was then purified by column chromatography on silica gel using hexane/EtOAc (4:1) to give 4 (0.084 g, 95%) as a red solid: mp 105-107 To a solution of 31 (0.100 g, 0.25 mmol) in ethanol (8 mL) was added 3M HCl (2 mL) and the reaction mixture was refluxed for 0.5 h. The reaction mixture was diluted with saturated NaHCO 3 solution (12 mL) and extracted with EtOAc (3 × 30 mL). Removal of solvent at reduced pressure left an oily residue, which was then purified by column chromatography on silica gel using hexane/EtOAc Compound 10. To a solution of 32 (0.100 g, 0.24 mmol) in ethanol (8 mL) was added 3M HCl (2 mL) and the reaction mixture was refluxed for 0.5 h. The reaction mixture was diluted with saturated NaHCO 3 solution (12 mL) and extracted with EtOAc (3 × 30 mL). Removal of solvent at reduced pressure left an oily residue, which was then purified by column chromatography on silica gel using hexane/EtOAc (4:1) to give 10 (0.079 g, 88%) as a red oil; Compound 11. To a solution of 33 (0.100 g, 0.23 mmol) in ethanol (8 mL) was added 3M HCl (2 mL) and the reaction mixture was refluxed for 0.5 h. The reaction mixture was diluted with saturated NaHCO 3 solution (12 mL) and extracted with EtOAc (3 × 30 mL). Removal of solvent at reduced pressure left an oily residue, which was then purified by column chromatography on silica gel using hexane/EtOAc 
